The prevalence of dyslipidaemia in children with insulin dependent diabetes mellitus (IDDM) and its relation to glycaemic control was studied in a group of 51 diabetic children and a control population of 132 schoolchildren. 
Abstract
The prevalence of dyslipidaemia in children with insulin dependent diabetes mellitus (IDDM) and its relation to glycaemic control was studied in a group of 51 diabetic children and a control population of 132 schoolchildren. The prevalence of dyslipidaemia in the fasting state was increased in the diabetic group (39%/O) compared with control subjects (17%). Serum cholesterol concentration alone was raised in 25% of diabetic subjects while serum cholesterol and triglycerides were raised in 14%, compared with 16% and 0-7%/o respectively in control subjects. Serum total cholesterol higher in diabetic children. Serum total cholesterol, triglycerides, and apolipoprotein (apo)B concentrations increased with worsening control, while serum high density lipoprotein cholesterol and apoA-I concentrations were unaltered. There were also positive correlations between glycated haemoglobin and total cholesterol, triglycerides, and apoB in diabetic children. Thus, abnormalities in circulating lipids are common in young subjects with IDDM The present study was conducted to establish whether lipid profiles were indeed abnormal in children and adolescents with established IDDM and whether any such abnormalities were related to glycaemic control.
Subjects and methods

SUBJECTS
Fifty one diabetic children and adolescents attending the special diabetic clinics at the Royal Victoria Infirmary and Freeman Hospital, Newcastle upon Tyne, were studied. Subjects were included if, at the time of screening, diabetes had been diagnosed for at least one year, they were not acutely ill and did not have any coexisting disease associated with hyperlipidaemia, particularly hypothyroidism, Down's syndrome, liver disease, or renal disease.
In order to obtain control data, 128 children from two local schools participated. As the school population consisted of children 11 years and over, a small number (15) of younger children admitted for minor surgery who were otherwise fit were also investigated.
CLINICAL PROCEDURES
The project was approved by the local ethical committee. Informed consent was obtained from parents and where appropriate from the child. All patients were seen by a paediatrician with a special interest in diabetes or by the main investigator, who filled in a diabetic follow up flow sheet and carried out a physical examination. Subjects were investigated postprandially in the outpatient department between two to five hours after breakfast.
In order to obtain fasting samples an early morning visit to the patient's home was made and blood drawn with the patient having fasted overnight and before the morning injection of insulin was given.
The schoolchildren were approached initially by the headteacher who outlined the need for the procedure. In addition, letters were sent out before the sampling to parents, explaining briefly the project and the procedure it kits supplied by Roche. The between batch coefficients of variation for cholesterol were 2.2% at 3-9 mmol/l and 1-9% at 7-8 mmolI and for triglyceride were 3-2% at 2-31 mmoYl and 3 0% at 3-47 mmol/l. HDL cholesterol was estimated using the modification of Warnick and Albers,7 in which apo apoBcontaining lipoproteins were precipitated by heparin manganese. Cholesterol was measured in the supernatant, the between batch coefficient of variation being 3.6% at 0-97 mmol/l. Low density lipoprotein (LDL) cholesterol was calculated using the Friedewald formula8:
Apolipoproteins were quantified by immunonephelometry using an automated Behring Laser Nephelometer (Hoechst UK Ltd, Hounslow). Behring standards and antisera were used and between batch coefficients of variation were 5-6% at a concentration of 0-92 g/l for apoA-I and 4-9% at 0-88 g/l for apoB.
Blood glucose concentration was measured using a Technicon AA-II autoanalyser (Technicon, Basingstoke) with a glucose oxidase based enzymatic colorimetric method. Glycated haemoglobin (HbAl) was measured by electroendosmosis after removal of the labile adduct with semicarbizide, using plates and apparatus supplied by Corning (Halstead). Plasma non-esterified fatty acids (NEFA) were determined by an automated enzymatic method.9 C peptide was measured by radioimmunoassay using a commercial radioimmunoassay kit (Novo, Bagsvaerd, Denmark).'0 Glycerol was determined by an automated enzymatic technique."
STATISTICAL METHODS
Before analysis the distribution of all variables were tested separately in diabetic and control groups using the Kolmogorov-Smirnov goodness of fit procedure. The distributions of triglycerides were not Gaussian, although logarithmic transformation converted these to normal. Results are expressed as mean (95% confidence intervals of the mean), antilogarithms being calculated for triglycerides for clarity of presentation. Differences between diabetic and control groups were assessed using the unpaired Student's t test and differences between fasting and postprandial values were examined using the paired t test in each group. Diabetic subjects were further classified as having good (HbAl up to 8.5%), fair (HbAl 8-6-10.0%), and poor control (HbA1 > 10-1%). Differences between variables in these groups were assessed using one way analysis of variance (ANOVA) with Duncan's procedure to test for significance. Correlations between variables were assessed by calculating Pearson's correlation coefficients. Differences in the number of subjects with hyperlipidaemia in diabetic and control groups were investigated using the x2 with Yates's correction. Glucose (mmol/l) 10-3 (6-6 to 13-9) 11-1 (8-4 to 13-7) 14-4 (12-3 to 16-5)* Total cholesterol (mmol/l) 4 and hypertriglyceridaemia were significantly higher in the diabetic subjects (x2= 13-5, p<0-001)-
Results
SUBJECTS
Postprandial results
As expected, within subject increases of triglycerides postprandially were seen in the normal group, although the increase failed to achieve significance in the diabetic patients (table 2) . HDL cholesterol and apoB decreased while apoA-I increased in the normal but not in diabetic subjects. LDL cholesterol decreased in diabetic patients and a similar trend was seen in control subjects, although this just failed to achieve significance (p=0-06). Group (<1.7 mmoIll),16 the prevalence of hypertriglyceridaemia and the mean blood triglyceride concentrations were increased in IDDM patients. A potential confounding factor is free glycerol concentrations as these are measured in the triglyceride assay and are higher in diabetic subjects. Although free glycerol concentrations were raised in the diabetic subjects in the present study these were not great enough to explain the raised triglyceride concentrations.
The present data are in agreement with some previous reports,6 [17] [18] [19] [20] although others have reported total serum cholesterol to be similar in IDDM and control groups.4 5 21-23 Possible reasons for differences between reports include case selection criteria, the nature of the control population, the diet of the general population, the duration and severity of diabetes, the degree of glycaemic control, and variations in laboratory methods. One possible confounding factor in the present study is that the control group was older than the diabetic patients. However, we have shown previously that age has no effect on cholesterol and triglyceride concentrations in children within the age range studied.24 The present data confirm suggestions that glycaemic control is a major factor affecting serum lipid concentrations in juvenile diabetes6 18 20 as strong correlations were found between total lipid values and HbAl concentrations and results from patients with good control were similar to those in control subjects. HDL cholesterol concentrations, which reflect antiatherogenic lipoproteins, are low in untreated adult IDDM but increase with good glycaemic control, often exceeding those in control subjects.3 Some previously published data in children have been similar to results from adults, with low HDL cholesterol values found in patients with poor control6 18 and raised concentrations in well controlled subjects. 25 In common with the findings of others,4 2021 HDL cholesterol values did not differ from control values in the present study and there was no relationship with glycaemic control. We determined HDL cholesterol values using a precipitation technique that was similar to the procedure used by others who have reported conflicting data.25 Thus, methodological differences do not appear to explain discrepant results. The main difference in studies that have reported changes in HDL cholesterol in juvenile diabetes is that they have included subjects up to the age of 20 years.6 25 HDL cholesterol concentrations in non-diabetic children fall after puberty. 26 Lipoprotein fractions were not assessed directly in the present study so that the exact pattern of hyperlipidaemia could not be determined. LDL cholesterol values were calculated, this method having the drawback that it includes intermediate density lipoprotein (IDL), which accumulates in diabetes, in the calculation27 and the assumption that true triglyeride concentrations have been determined. The small differences in free glycerol concentrations found in the present study were not great enough for the effect of these on triglyceride concentrations to invalidate the calculation of LDL and our finding that raised LDL cholesterol is related to glycaemic control in children with IDDM is in agreement with a study in which LDL cholesterol concentrations were determined by ultracentrifugation, a procedure that avoids the interference of IDL.Y8 Correlations between glycated proteins and LDL cholesterol concentrations in juvenile diabetes have been found by others, even though LDL cholesterol concentrations were not raised.22 As LDL cholesterol was increased and HDL cholesterol unchanged, the HDL cholesterolLDL cholesterol ratio was increased in the diabetic subjects. This ratio has been shown to be an index of the atherogenicity of serum lipoproteins, particularly in the presence of hypertriglyceridaemia.28
In common with other reports, the present investigation has demonstrated no differences in apolipoprotein concentrations between study groups in treated patients,22 but increased apoB concentrations in diabetic children with worsening glycaemic control.6 18 
